Simultaneous measurements of outdoor and indoor pollution have been carried out at three schools in Lisbon (Portugal). NO 2 concentrations, volatile organic compounds (VOCs) and formaldehyde were passively monitored over a two-week period. Comfort parameters and bacterial and fungal colonyforming units per cubic metre of air were monitored at classrooms and playgrounds. The results suggest that schools with closed windows could have smaller indoor/outdoor ratios of NO 2 , but higher indoor levels of VOCs and formaldehyde with an origin in building materials and consumer products.
INTRODUCTION
Outdoor air quality has become of growing concern during the past 50 years, because of increasing traffic and industrial emissions. However, evidence has been found that citizen spend most of their time in buildings and are far more exposed to pollution indoors than outdoors.
In Lisbon, the number of children with asthma and rhinitis represents, respectively, about 15% and 40% of the school-age population 9 and almost nothing is known about indoor air quality (IAQ) in schools. Mendell et al. 14 observed that health problems from poor indoor environments may reduce the performance of occupants in buildings. According to Mendell and Heath, 12 indoor environments in schools need to be studied with the aim of finding connections between IAQ and performance or attendance, due to two primary reasons:
• Schools are seen as particularly likely to have environmental deficiencies because chronic shortages of funding contribute to inadequate operation and maintenance of facilities.
• Children have greater susceptibility to some environmental pollutants than adults, because they breathe higher volumes of air relative to their body weights and their tissues and organs are actively growing. Currently, children also spend more time in school than in any indoor environment other than their home.
Persuasive evidence links higher indoor NO 2 concentrations to reduced school attendance and low ventilation rates to reduce performance. Concerning indirect associations, some studies link indoor dampness and microbiologic pollutants to asthma exacerbations and respiratory infections, which in turn have been related to reduced performance and attendance. 10, 12 The first aim of this preliminary study was to measure comfort parameters, CO 2 , bacterial and fungal contamination and gaseous inorganic and organic pollutants in indoor and outdoor air of three schools in winter. The second aim was to study associations between these factors and possible sources inside or outside the schools.
MATERIALS AND METHODS

Schools Description
4
Indoor and outdoor air samples were collected at three schools (183, SJB and SJ) in Lisbon (Portugal), in December 2008. These schools were located in the city centre and were previously considered representative of all the elementary-level educational institutions. 8, 9 Two classrooms from each of the three schools were selected for this study. One of the classrooms of both 183 and SJB schools always had the electric heating connected and closed windows. This classroom of the 183
School presented activities of arts with paints and glue in one day during the sampling; the other classrooms had windows and doors opened frequently. In the SJ School, both classrooms were always shut. All the classrooms depend only on the natural ventilation through the doors and windows existent. Details of each sampling site are listed in Table 1 .
Sampling and Analysis
Pollutants and parameters of interest were carbon dioxide (CO 2 ), temperature, relative 17 After compilation of data, the different environments were compared with the aim of finding a relation between indoor and outdoor pollutants and the possible compound sources.
Method Evaluation: GC/FID
Parameters, such as selectivity, linearity, reproducibility and limit of detection, were evaluated by twelve injections of three standard solutions of ten compounds with three concentrations each one, between 6 ng/µL and 40 ng/µL. The selectivity of an instrumental separation method refers to the ability to discriminate between the analyte and interfering components. 15 As condition for the method selectivity, the absence of peaks in the region of the retention time for the investigated compounds was observed. Linearity is the ability to elicit test results that are directly proportional to the concentration of analytes in samples within a given range. 15 After multiple injections of different concentration standard solutions, it was observed that the plots of peak areas, as a function of analyte mass, produced regression lines that had an intercept not significantly different from 0 and Pearson correlation coefficients ranging from 0.958 to 0.999 ( Table 2 ). The repeatability measures are the success rate in successive experiments conducted by the same experimenters. It was evaluated from the calculation of the standard deviation of the chromatographic peak areas corresponding to 10 -12 injections, each day, in 5 successive days (Table 2 ). In any case, the maximum standard deviation did not exceed 0.04.
The limit of quantification (LOQ) represents the lesser concentration of the substance in examination that can be quantitatively analysed with reasonable reliability. Limit of detection (LOD) represents the lesser concentration of the substance in examination that can be detected, but it is not necessarily quantified by a method. The LOQ and LOD have been calculated as described in Ribani et al. 15 .
Depending on the analyte, LOQ and LOD were in the ranges 1.04-7.64 ng/µL and 0.34-2.52 ng/µL, respectively ( Table 2) . 16 reported that, in a middle school of Springfield, the indoor fungal and bacterial counts were significantly higher than the outdoor concentrations. Conversely, Godwin and Batterman 5 found that the outdoor bioaerosol levels exceeded indoor levels in 64 school classrooms in Michigan.
RESULTS AND DISCUSSION
Total VOC concentrations could give information about the influence of aerosol sprays, solvents, cleaning agents, pesticides, paints and repellents. Figure 3 shows a daily profile for the total VOC concentrations. SJ and SJB Schools exhibit very constant levels and similar daily patterns. In the 183 School, there was a huge increase in the VOC concentrations around 13 pm, when pupil's art class was occurring with the use of glue and paints. This makes evident that collage and painting materials increase the VOC levels in indoor air. Zhang et al. 18 also identified a visual art classroom with a relatively high level of VOCs. observed for n-hexane, n-heptane, n-butyl-acetate and o-xylene at all the schools. I/O ratios exceeding the unity were also determined for pentane, toluene α-pinene, n-decane and terpinene, but not in all institutions.
SJ School, which has the oldest building among all institutions, registered both the highest concentrations and diversity of VOC compounds. Perhaps the inadequate ventilation observed favours accumulation of pollutants with additional indoor sources. The highest levels of limonene, β-pinene, sabinene, n-butyl acetate, methyl acetate and formaldehyde were achieved in this school. n-Hexane, nheptane and n-decane could have indoor sources in some architectural finishes, floor adhesives, PVC flooring, consumer products (e.g. floor waxes and aerosol air fresheners). Limonene could be derived from cleaning products, air fresheners and many other consumer products. Benzene, toluene, xylenes and styrene could be originated from engine vehicle exhaust, gasoline/fuel, tobacco smoke, solventbased paints, floor adhesives, PVC flooring, carpeting, printed material and solvent-based consumer products. 13 The 183 School registered the lowest concentrations of VOCs, probably because this institution had better ventilation than the other schools, higher classroom volumes and lesser number of pupils. * RRF (relative response factor) = (area of compound/mass of compound)*(area of internal standard/mass of internal standard); **LOD (limit of detection) = 3.3(s/S), where s is the STDEV of areas and S is the slope; ***LOQ (limit of quantification) = 10(s/S), where s is the STDEV of areas and S is the slope. 09  10  11  12  13  14  15  16 
CONCLUSIONS
